Introduction The use of double J stents (DJS) is common practice during robotic reconstructive surgeries in the pediatric population. Some studies claimed that a small stent diameter is prone to obstruction and migration, thus might increase the number of post-op complications. The aim of this study was to evaluate whether the use of a small stent size leads to higher complication rate following robotic reconstructive surgery in children. Methods We have retrospectively reviewed the medical files of patients, who underwent reconstructive robotic surgery with insertion of 3Fr or 4Fr DJS over a 3-year period, from two medical centers. The data included demographics, operation type, DJS size, post-op complications and duration of hospital stay.
Introduction
In the past few decades, less invasive laparoscopic and robot-assisted laparoscopic approaches have become more widely used in reconstructive ureteral procedures among the pediatric population [1] . Placement of an indwelling ureteral DJS at the time of the procedure has both its advocates and detractors, with different outcomes reported in several studies, ranging from lowered morbidity and shortened hospital stay to stent failure and the need for a redo operation [2] [3] [4] [5] [6] [7] [8] . The diameter of DJS as a predicament to its failure or success, has not been addressed in most studies. On one hand, some studies reported a tendency for a smaller diameter stent to migrate more often [9] . Moreover, Lee et al., in their study of stent failure in the pediatric population, have concluded that 3Fr DJS was the only risk factor for stent failure [5] . On the other hand, some studies have found that the use of smaller diameter DJS lowers the severity of DJS-related symptoms [10, 11] . In addition, some pediatric urologists tempt to avoid passing a DJS through pediatric uretero-vesicular junction (UVJ), to avoid UVJ injury and subsequent stenosis. In the case when DJS is required following reconstructive surgery, a smaller diameter DJS might decrease possible UVJ injury and development of UVJ stenosis. We have conducted this study aiming to examine if the use of a 1 3 small stent size leads to higher complication rate after reconstructive robotic surgery.
Patients and method
Following approval of this study by institutional Research Ethics Board, we have retrospectively reviewed the medical files of patients who underwent reconstructive robotic surgery with insertion of 3Fr or 4Fr DJS over a 3-year period, from two medical centers. The data included demographics, operation type, DJS size, post-op complications and duration of hospital stay. Demographic data on the reviewed patients are presented in Table 1 . Our regimen of the diagnosis, follow-up and surgical decision making, was previously published in numerous publications [12, 13] .
In all patients, DJS were inserted intraoperatively in an antegrade fashion using blue dye in the bladder for distal positioning as we have previously published [12] . The width of the DJS was chosen by the surgeon, in accordance with their preference and experience and the child's age, while DJS length was chosen according to the formula: patient age +10, as previously suggested by Palmer and Palmer [14] . According to the routine post-operative protocol, urethral catheter was removed on post-operative day 1. All stents were left in place for 6-8 weeks.
Continuous variables were examined using a two-sided Student's t test, categorical variables were examined using Fisher's exact test, correlation between DJS size and complication type was examined using Spearman's rank correlation test. Statistical analyses were performed using SPSS software version 23.00 (SPSS Inc., Chicago, IL). A p value cutoff of 0.05 was considered statistically significant.
Results
The study population included 47 patients. Of those, 33 (70.2%) were male and 14 were female. The mean age was 34 months (range 3-192 months). 5 (10.64%) patients underwent ipsilateral uretero-ureteral anastomosis, 8 (17.02%) underwent dismembered extravesical transversal ureteral reimplantation and 34 (72.34%) underwent dismembered pyeloplasty. 3Fr stent was utilized in 13 (27.7%) patients and 4Fr stent was used in the remaining 34 (72.3%). 3Fr stents were more frequently used in younger children than 4Fr stents (14 vs 42 months) (p < 0.01). We have observed a total of three (6.4%) stent-related post-op complications in both groups: two leaks in the 4Fr DJS group, both following pyeloplasty, one treated conservatively, the other resulted in stent replacement due to a symptomatic urinoma; and one stent migration in the 3Fr DJS group, following ureteroureteral anastomosis, which required re-stenting. No statistically significant difference was found between the two DJS groups in post-operative complication rate (p = 0.631). No correlation was found between stent size and type of complications (r = 0.238, p = 0.107 for dislodgement; r = − 0.130, p = 0.382 for leaks). There were three additional Clavien-Dindo grade II complications, not related to DJS diameter: two febrile urinary tract infections (UTI) and one urinary retention due to constipation. All complications are presented in Table 2 .
Discussion
Double J stent use is common practice during robotic reconstructive surgeries in the pediatric population. Its advantages include shorter hospital stay, lower occurrence of anastomotic leaks and lower rate of recurrent obstruction and redo pyeloplasty, according to some authors [4, 6, 15, 16] . Although DJS drainage plays a crucial role in this setting, the morbidity associated with DJS, part of which might be attributed to the size of the stent in use, rather than the use of the stent itself, cannot be brushed aside. One of the major drawbacks of smaller stents is the possibility for migration. Erturk et al. and Damiano et al., pointed out that smaller stents (4.7/4.8Fr) have a tendency to dislodge and migrate distally more often than the bigger stents (6Fr), though no statistical significance was achieved in both studies [9, 17] . In their study, Lee et al. [5] searched for the causes of stent failure in the pediatric population. They had only one proximal stent migration in the 3Fr DJS group. In our study, one distal stent migration occurred in the 3Fr DJS group, and no statistically significant correlation was found between stent size and the type of complications. We believe that multiple factors play a role in facilitating stent movement within the urinary tract such as stent length, stent coil length and material, as suggested by previous studies [4, 18, 19] . It has been suggested, that DJS use during robotic reconstructive surgery, might lower the rate of post-operative leaks and obstruction by maintaining an appropriate ureteral diameter and prevent adhesions or kinking of the suture line. Furthermore, stenting may prevent transient obstruction by blood clots or edema at the anastomotic site [3, 6, 8, 16, 20] . One might believe that a smaller stent, with narrower lumen such as the 3Fr DJS, would be more prone to obstruction and thus to anastomotic leak or hydronephrosis aggravation. This assumption corresponds with Lee et al.'s study where 3Fr DJS failure was mostly due to aggravation of hydronephrosis, however, their choice to examine a population after an already failed pyeloplasty, makes it hard to distinguish whether this failure was due to small DJS lumen or failure of the original operation [5] . The findings of this study did not support this assumption, as both anastomotic leaks occurred in the 4Fr DJS group of patients. These findings had no statistical significance, and we believe further research on stent obstruction as a function of its diameter is necessary.
As aforementioned, one of the significant complications that might occur following DJS use, is damage to the UVJ. Double J stent insertion, during robotic reconstructive ureteral surgery, requires its passage through the UVJ. Negotiating the wire or stent across the UVJ might be very difficult, might fail and even lead to edema or injury of the UVJ and subsequent obstruction due to the small ureteric diameter, especially in infants [2, 4, 5, 8, 15, 16] . Some authors suggest a gentle traction of the ureter from above to straighten the UVJ and ease the passage, or an endoscopic retrograde placement of the DJS to help to avoid this devastating complication, that might require ureteral reimplantation [6, 15, 16] . McMullin et al. claimed that the use of 3Fr stent has negated this problem, with only one occasion of failing to introduce the stent into the bladder [15] . In our study, patients in the 3Fr group were significantly younger and there was only one documented case of 3Fr stent insertion difficulty, managed by retrograde insertion. There were no documented UVJ obstructions during post-operative followup for both groups.
Another serious complication following reconstructive ureteral surgery is UTI, which might lead to fibrosis, anastomotic stricture and failure of the operation [8, 16] . Some researchers have found higher rates of UTI in stented compared to non-stented patients, while others have reported fewer UTI cases in the stented population [2, 6, 8, 16, 21] . In this study, there were two (4.25%) incidents of febrile UTI, one in each group, with good response to antibiotic treatment and good post-operative results. As aforementioned, Lee et al.'s definitions of stent failure included febrile UTI that is unresponsive to medications, and most 3Fr DJS were taken out as a combination of aggravation of hydronephrosis and UTI [5] . We do not believe that the risk of UTI development has any connection to the size of the stent in stented patients, but rather to the stent indwelling time and contamination during its insertion [18] .
This study is not without limitations. Though the study population was chosen from database of robotic reconstructive surgery, the study is pertaining to the use of stents and its complications in general and does not specifically relate to the scenario of robotic surgery. The data were collected retrospectively in a relatively small group of patients, thus suffers from disadvantages linked to these methods. This study included three different types of operations, conducted by different surgeons, which might alter the operations results depending on the surgeons' experience, technique, etc. Though it seems to have little to do with stent failure, poor stent placement or bad suture line will be more prone to leaks or stent migration, regardless of stent size. In spite the fact that all surgeons are senior pediatric urologists with long experience both in open and robotic reconstructive surgery, examination of each surgeon's experience, with different sizes of DJS in one type of operation, might have given different results. As previously mentioned, the patients in this study were not randomized for stent size, thus 3Fr DJS was more commonly used in younger patient population. We do not know if the use of 3Fr DJS in older patients, with larger ureteral diameter, would have caused more complications. We did not take into consideration other stent characteristics including length, coil length or material, previously proven to influence stent symptoms and failure [4, 18, 19 ]. In addition, although pain and lower urinary tract symptoms (LUTS) have been included in the definition of ureteral stent failure in some reports of adult ureteral stenting, and though some studies on adult population found that smaller diameter DJS improved the severity of these symptoms, these symptoms are usually quantified by 'quality of life' questioners and personal interviews, making it difficult to assess in pediatric patients [10, 11] . Thus, these complications were excluded from our study [5] . Finally, although all patients in this study have had good surgical outcome, without the need for redo surgery, some patients did not complete a long enough follow-up to account for later complications [22] .
Conclusions
Our data show that the use of 3FR DJS does not lead to increased post-op complication rate and is safe and durable in pediatric robotic surgery. Furthermore, the small diameter of 3Fr DJS may offer the possibility of reduced irritative urinary symptoms and pain and a safer and more successful UVJ stent passage, without an increased risk of distal migration or anastomotic urinary leak. Together with the above, further research of stent migration and blockage as a factor of its diameter is needed.
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